AD

Award Number: W81XWH-05-2-0011

TITLE: Electrical Impedance Scanning for the Early Detection of Breast Cancer in
Young Women

PRINCIPAL INVESTIGATOR: Alexander Stojadinovic, M.D.

CONTRACTING ORGANIZATION: Henry M. Jackson Foundation for the Advancement
of Military Medicine
Rockville, MD 20852

REPORT DATE: January 2006

TYPE OF REPORT: Final

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy or decision
unless so designated by other documentation.



REPORT DOCUMENTATION PAGE OMa N Dron o188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
01-01-2006 Final 20 DEC 2004 - 19 DEC 2005
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Electrical Impedance Scanning for the Early Detection of Breast Cancer in

Young Women 5b. GRANT NUMBER

W81XWH-05-2-0011

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Alexander Stojadinovic, M.D.

5e. TASK NUMBER

5f, WORK UNIT NUMBER
E-mail: Alexander.Stojadinovic@na.amedd.army.mil

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
Henry M. Jackson Foundation for the Advancement NUMBER

of Military Medicine
Rockville, MD 20852

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR’'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Background: Currently, no established method exists for screening young, pre-menopausal women for breast cancer.
Electrical Impedance Scanning (EIS), an innovative breast screening technology, appears to identify women at increased risk
for breast cancer.

Aim: A multi-center trial in the North Atlantic Region has been initiated in an effort to extend the potential benefit of this new
technology to active-duty service members and young female healthcare beneficiaries with the aim of acquiring the data
necessary to determine the feasibility of the EIS system, T-Scan™ 2000ED as a breast cancer risk identifying/screening tool in
young women.

Methods: Women age 30 to 45 underwent EIS with routine clinical breast examination. EIS+ women were referred for further
diagnostic breast imaging and breast biopsy, if indicated.

Results: 1,385 women were studied. Three women had a high risk or cancerous tumour of the breast; one was T-Scan
positive. Of the 1,382 with benign findings, 1,285 were T-Scan negative. Thus, our interim results are consistent with an earlier
validation trial showing that a T-Scan positive woman is six times more likely to have a high-risk lesions or cancer (~1 in 100)
than a T-Scan negative women (~1 in 600).

Conclusion: Continuation of the present multi-center trial is warranted to confirm that EIS can identify young women at
increased risk for breast cancer, those most likely to benefit from more diligent surveillance, early breast imaging, and risk
reduction intervention.

15. SUBJECT TERMS
Breast cancer; screening; risk identification; electrical impedance scanning

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
U U U uu 10 code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




Annual Report for Electrical Impedance Scanning (EI  S)
For the Early Detection of Breast Cancer
W81XWH-05-2-0011

Table of Contents

(01T TP TP PP PP T TPPT TP 1
S 208 e e 2
INEFOAUCTION ..ot s ettt e e e s e eeeas 4
BOAY ..ttt e ————————— 5
SUMMArY Of RESUILS ..o e 6
Interpretation of RESUIS ......coooiiiii s e, 7
Key Research ACCOmpliSNMENTS .........oooiiiiiiiiiis e 8
Reportable OUICOMES.......ccooiii it e 9
CONCIUSIONS ...t es e e e e e e e e e e e 9
IMPLCALIONS ... 9
RECOMMENALIONS .....ciiiiiiiiiiii i e 9
RETEIENCES ...t e 10



I ntroduction

PROBLEM:

Cancer accounts for one third of all iliness-redateortality in the United States Army.
Breast cancer, specifically, is the most commorteam women and a leading cause of
cancer death among those under the age of 40. Mgrapioy, the gold standard for breas
cancer screening in women over 40, is of limiteel msyounger women who typically have
dense breast tissue, which is difficult to visuahth standard mammography. Widespregad
mammographic screening of younger women is funtbstricted because of concerns
regarding the cumulative dose of radiation to wipatients would be exposed on an annual
basis.

A

Due to the limitations of mammography in youngeligrdgs, women under age 40 are
generally not referred for breast imaging unlesy tire at elevated risk for breast cancer
based upon a known familial risk factor. Unfortuetat 90-95% of breast cancers occur in
“average-risk” women without known risk factors Buas family history and gene mutatiops.
Thus, a technology like Electrical Impedance ImgdiglS), which is designed to more
consistently and reliably identify “at risk” woméy specifically analyzing individual tiSSL;F
characteristics, would present the clinical comrtyunith an opportunity to offer additiona|l
surveillance to those 95% of women who are undedelsy the current standard of care. The
EIS system would thus be used to refer this atgiddset of women for early breast imaging
such as MRI (considered highly accurate in detgat@rly-stage breast cancer in high-ris
young women), further follow-up, and risk-reductimeasures (such as taking Tamoxifen).

A
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This technology is of specific interest to us bessaaver 92% of active duty women in the
United States Army are under 40 years of age ard 5%% are either African American of
Hispanic. Race and ethnicity are considered impbftectors in breast cancer detection
because death rates from breast cancer in the Antiyn the community at large are higher
for African American and Hispanic women than foruCasian women.

The only standard breast cancer-screening togldong women is clinical breast exam
(CBE); however, CBE suffers from low true-positamed high false-positive rates and is not
effective in detecting breast cancer at an eadgestin general, cancers discovered by
clinical breast exam tend to be more advancedreaure a treatment regimen that is moye
aggressive, expensive, demanding and often lesgessictil.

The impact of missed breast cancer in young womennsiderable. In fact, women undef
age 50 account for more than 40% of all life ydas$ to breast cancer. And, as many stugdies
have shown, the economic, social and emotionakd¢odtamilies and the community are
especially grave when young women die of breasteahe impact of this illness is
especially significant in a military setting whezach patient is also a critical component of
our fighting force. Since early detection is cafito improved patient outcomes, the
development of methods to promote early detectfdoreast cancer in younger women is
widely recognized as a pressing clinical need.

TECHNOLOGY:
Routine screening with Electrical Impedance ScanfiiS), a new technology that
measures electrical signal flow across breastdigswnder investigation for the




non-invasive detection of tissue current flow alonalities associated with an increased risk
for the development of breast cancer.

The goal of evaluating young women with EIS is liddntification that leads to additional
imaging and early detection of breast cancer befa&n be found by the current, decided
inadequate screening method — clinical breast enaion. The T-Scan™ 2000ED is a
painless, radiation-free, rapid, no-risk breasnsgag device that is easy to use and doesn't
require specialized training to interpret. The dewionsists of a portable flat screen monitor
and a computer. A metal cylinder held in the wom#&aind opposite the breast being
examined is connected to the computer. A low-leskelctrical signal is transmitted from the
cylinder up the musculature of the arm, acrosp#wtorals, and through each breast. The
electrical current is measured on the breast withrainvasive surface prob€he final EIS
result is binary [suspicious (high-risk) —or— nosgicious (low-risk)], is entirely calculated
by the computer software, and is immediately abél@o the examiner.

y
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Initial results of a study of 2,035 young women errggbing T-Scan™ 2000ED EIS exam
along with clinical breast exam indicate that a8 Rbsitive woman is more than six timeg as
likely as the average woman to have breast caRoether large-scale studies are needed to
confirm that EIS can identify young women at inae@ risk for breast cancer, those most
likely to benefit from more diligent surveillancearly breast imaging, and risk-reduction
intervention.

Body

PROPOSED FIELD TESTING:

Breast tissue evaluation with EIS, as incorporatealithe T-Scan™ 2000ED system, has
enormous potential for our young female healthbameficiaries in terms of early detectign,
survival, active-duty force health promotion andedise prevention. Further testing of this
technology is warranted and feasible within the \lmased on the unique demographics [of
the active-duty population and the inherent deficies of using clinical breast examinatign
alone to screen young women under the age of 46.rEed is especially evident in the
African-American and Hispanic patient populatiomieh makes up nearly half of our
fighting force.

A five-center, 5-year trial in the North AtlanticeBion has been initiated in an effort to
assess the potential benefit of this new technologctive-duty service members and yoling
female healthcare beneficiaries with the aim ofuring the data necessary to determine the
feasibility of T-Scan™ 2000ED as a screening tagioung women

STUDY AIMS:

The present IRB-approved clinical trial uses eleatimpedance scanning technology
(T-Scan™ 2000ED) in order to address a unique reBepiestionCan tissue-based
bioelectrical changes be utilized to reliably identify young women at increased risk of breast
cancer?

STUDY METHODOLOGY:
We have initiated a multi-center prospective chhistudy of young women age 30 to 45
years who undergo annual physical cancer screexauinations. Study participants whqg




have completed informed consent undergo clinicahsir exam (CBE), followed by EIS with
the latest version of T-Scan™ 2000ED. Women whaasttive on T-Scan are referred fqr
further breast imaging, and if indicated as a tesfuthe follow-up procedure, they underg
breast biopsy.

Summary of Results

Five centers (Walter Reed Army Medical Center; De&Wimy Community Hospital, Ft
Belvoir; Kimbrough Ambulatory Care Clinic, Ft Megd€eller Army Hospital, West Point;
Malcolm Grow Air Force Medical Center, Andrews AF&% participating in this
prospective multi-center clinical trial evaluatialgctrical impedance scanning (EIS) for
breast cancer risk identification in young women.

As of December 31, 2005, there wé&r893 women enrolled in the study. Table 1
demonstrates the ethnic diversity of the study fadmn.

Table 1: Ethnic Origin of Study Participants

American . .

Indian/ Native Hawaiian

Alaskan Asian | or Other Pacific Hispanic |Black [White Multiracial Qther Tiotal
) Islander

Native
8 53 10 76 337 897 11 1 1,393

Adverse Events:

There were no reported cardiac, neurological, derimarmal or allergic reactions or advefrse
events, nor any reports of patient discomfort. Thikcome echoed similar findings in the
previous pilot (n=1,103) and validation (n=2,03&)dses and in more than 10,000 prior
examinations with the predecessor T-Scan 2000 d@asaeported in the previously
approved PMA (FDA) application.

Study participant age and follow-up after EIS Soneg Exam:

Distribution of study subjects according to ageS Ehdiological referrals (and suspicious
findings), and biopsy referrals (and high-risk ancerous diagnoses) are shown in Table 2.

Table 2: Follow-Up by EIS Outcome and Age

Scan Age Total US (Susp.) MX  (Susp.) MRI  (Susp.) BX (High-risk, Cancer)
EIS+ <40 49 8 0 37 0 32 0 0 0

40+ 49 4 0 46 0 37 2 3 1
ElIS- <40 747 47 4 82 4 17 0 5 0

40+ 540 62 6 378 7 21 2 13 2

US — ultrasound; MX — Mammogram; MRI — Magnetic Resonanegiing; Susp. (Suspicious); BX — breast
biopsy




Pivotal findings:

The T-Scan positive rate was 7.1%, with 1,385 wopwnpleting the EIS examination. The
risk for biopsy-proven cancer or high-risk lesionli-Scan positive patients is ~1 in 100, $ix
times greater than the ~1 in 600 risk for T-Scaratieg patients. Table 3 summarizes the
EIS outcomes.

Table 3: EIS Outcomes

EIS result | Cancer or high-risk lesion ~ No cancer or high-risk lesion  |Total

Positive 1 97 98
Negative 2 1,285 1,287
Total 3 1,382 1,385

Interpretation of Results

EIS (T-Scan) Screening Model:

In reviewing the T-Scan breast cancer risk stttfon model, a clear and accurate
description of the device’s clinical utility may blistrated via a comparative analysis of
absolute risk for breast cancer in each of seymtint populations. Specifically, absolute
risk in the target or intended use population afngwomen can be compared with the
absolute risk in other populations that are typycaffered mammography.

It is presumed that if the T-Scan exam can identibynen who are at an absolute risk for
breast cancer that is equal to or greater tharofr@tier women who are routinely offered
mammography, the clinical benefit of this EIS saiag approach should be evident.

The Routinely Screened Population, Women over 40:

Breast cancer screening guidelines endorsed byNahenal Cancer Institute, the American
Cancer Society, the American College of Radiology the U.S. Preventive Services Task
Force all recommend annual mammograms for women4veThe yield of mammographic
screening is generally measured as the number winmograms performed per cancer
detected. Measured across the decade between agel 40, approximately 300 to 400
mammograms are performed per detected breast cdieabsolute risk in this age group is
thus ~1 in 350 or approximately 0.0028. This levialusolute risk is therefore considered
the “minimal screening threshold”.

The Unscreened Population, Women under 40:

The American population of women under 40 accotortaearly 11,000 breast cancers each
year — equal to the total number of all cervicalagas in all ages annually diagnosed in the
United States. Nonetheless, the low overall prevaerecludes mammographic screening
of average risk women on a routine basis. Spetlificabout 1.5 cancers are detected per,
1,000 women between age 30-39 yielding an absokkef approximately 0.0015,




considerably less than the accepted risk minintaesting threshold for annual
mammography screening in women 40+ years of ages Women under 40 continue to re
upon clinical breast exam alone for breast canoeesing.

y

The T-Scan Population, Cateqgorizing Young Wome'tLaw risk” or “At risk™:

By pre-screening average risk women in the targgufation as part of an annual well
woman screening exam, the EIS screening intendsulbeclassify (segment) the pool|of
young women into a “low risk” pool and an “at risRbol. Importantly, the “at risk” sulb-
population should be at an absolute risk that isabtp or greater than the risk at whjch
women are routinely screened with mammographyirtimémal screening threshold.

Given a sensitivity of 33% and a specificity of 9386 the identification of high-risk lesions

or breast cancer as evidenced in the on-goingceliririal and assuming a patient pool of
10,000 patients and 15 cancers (consistent witHighda prevalence data), T-scan fisk
stratification would proceed in the following manne

—

T-Scan Negative patients, “low risk”:

==

The pool of 10,000 patients yields 9,300 T-Scagatige patients (93% of 10,000) an(
includes 10 “missed” cancers (67% of 15). Thusaihsolute risk in the low-risk group |s
1 cancer per 930 patients or 0.0011. This leveistifis significantly below the averagg
risk in the target population and only a third leé iminimal screening threshold.

T-Scan Positive patients, “at risk”:

The pool of 10,000 patients yields 700 T-ScantR@spatients (7 % of 10,000) and
includes 5 “detected” high-risk lesions or cand@&% of 15). Thus the absolute risk i
the “at risk” group is 1 cancer per 140 patient®.0071. This level of risk is
significantly above the average risk in the taygmtulation and over three times greatger
than the absolute risk at which we commonly screemen over age 40.

-

Key Research Accomplishments

INTERIM ANALYSIS:
During the first six months of the five-year trlalnched in the summer of 2005 we teste(l
1,385 young women. Three had a high-risk or mahgtamor of the breast; one was T-S¢an
positive. Of the 1,382 with benign findings, 1,288re T-Scan negative. Thus, our interim
results are consistent with an earlier validatitualyg of 2,035 young women undergoing
T-Scan™ 2000ED EIS exam along with clinical bresastm showing that an EIS positive
woman is more than six times as likely as the ayermoman to have breast cancer.

The interim results of the current study indicdi@tta T-Scan positive woman is six times
more likely to have a high-risk lesion or cancer {#100) than a T-Scan negative women
(~1 in 600).




Reportable Outcomes

FUNDING APPLIED FOR:
Defense Acquisition Challenge Program (DACP) — Apgmrsal to DACP has been submitt
in order to allow the continuation and completidrihds study.

9%
o

Conclusions

The findings of the present prospective multi-ceNARMC regional breast cancer
screening trial are consistent with those of argdis validation study indicating that womien
undergoing breast cancer screening with positiBcdn are at increased risk of having
breast cancer.

The interim results of the current study indicdigtta T-Scan positive woman is significantly
more likely to have a high-risk lesions or cantemta T-Scan negative woman. This level
of absolute risk compares favourably to the minis@kening threshold for mammography
screening and may justify early breast imaging ame&n under age 40.

Implications

This study represents an important step involvidgpdation of existing EIS technology fo
use under novel investigational clinical applicatid-Scan for the identification of young
women at high-risk for breast cancer.

We are exploring the efficacy of using EIS as dagral part of the screening process, a
screening process that is widely recognized agideti currently when examining young
women with clinical breast exam alone during padadfice visits to the gynecologist or the
primary care physician.

T-Scan is very safe, as there were no reportedazandeurological, dermal, thermal or
allergic reactions or adverse events, or any regdrtliscomfort among over 4,000 women
studied thus far with this device.

Our healthcare beneficiaries regard screening yaorgen for breast cancer as extremely
important, and they are very satisfied with the fartnsafety, and rapidity of T-Scan. The
success of this proposed novel-screening paradsgeaét T-Scan + Clinical Breast Exam)|, if
proven efficacious) will likely increase awarenassl compliance of required annual
mammographic screening when a women reaches age 40.

More importantly, early detection of breast cartbeough EIS-directed risk assessment and
early breast imaging would translate into less eggjve treatment, more rapid return to duty,
improved quality of life and survival in our youfgmale healthcare beneficiaries.

Recommendations

Continuation of the present multi-center trial ssential to confirm that EIS can indeed
consistently identify young women at increased faslbreast cancer — those that are most
likely to benefit from more diligent surveillancearly breast imaging, and risk reduction
intervention.




10

References

1. Sumkin JH, Stojadinovic A, Huerbin M, Klym A, Magh L, Sobran CM, Leader JK,
Zheng B, Gur D. Impedance Measurements for Earlg®i@n of Breast Cancer in
Younger Women: A Preliminary Assessment. Proc SIIE3; 5034:197-203.

2. Stojadinovic A, Nissan A, Gallimidi Z, Leningt&®) Logan W, Zuley M, Yeshaya A,
Shimonov M, Melloul M, Fields S, Allweis T, Ginor, &ur D, Shriver CD. Electric
Impedance Scanning for the Early Detection of Br€ascer in Young Women:
Preliminary Results of a Multi-Center Prospectivell Journal of Clinical Oncolog
2005 Apr 20; 23(12):2703-15.

3. Stojadinovic A, Moskovitz O, Gallimidi Z, Field, Brooks AD, Brem R, Mucciola RN,
Singh M, Maniscalco-Theberge ME, Gur D, Shriver @lspective Study of
Electrical Impedance Scanning for Identifying YouMg@men at Risk for Breast
Cancer. Breast Cancer Research and Treatment ROPEés — accepted for
publication October 2005).

4. Stojadinovic A, Mittendorf EA, Shriver CD, Lemgiton S, Margolin M, Singh M, Akin M
Pulliam R, Makashay MJ, Ledger WJ, Maniscalco-TihgedVE, Platt L, Gur D.
Electrical Impedance Sampling for Primary Breast€&a Screening in Young

Women. Green Journal (in review — submitted Jandaég).




